Common carotid artery (CCA) occlusion is an uncommon cause of stroke. Doppler ultrasound (DUS) has been reported as a sensitive diagnostic tool in this pathology. Two cases of CCA occlusion are presented as DUS. In one case, the authors found the rare occurrence of reversed flow in the internal carotid artery (ICA) nourishing the external carotid artery (ECA). In the other, both CCA and ICA were occluded, and the contralateral ICA had a significant stenosis. Both patients were submitted to angiography. The role of DUS and its limitations in the presence of CCA occlusion are described and discussed.
computed tomography (CT) showed a right temporo-occipital and thalamo-capsular (middle cerebral and posterior cerebral artery territories) infarction. Color DUS showed right CCA lumen filled with heterogeneous echogenic content and absence of flow and spectral Doppler signal. There was a high-resistance, biphasic, and broadened spectral Doppler in the proximal portion of the right CCA and distal portion of the right arterial brachiocephalic trunk. Doppler signal (color and spectral) was not detected in both ipsilateral internal and external carotid arteries, suggesting its occlusion. DUS of the left carotid bulb showed echogenic, heterogeneous, and smooth focal plaques, as well as a systolic peak velocity of 1.42 m/sec, diastolic velocity of 0.47 m/sec, and a systolic ratio (ICA/CCA) of 2.4 ( Fig. 1 ). Based on the available structural and hemodynamic criteria, 8 we calculated the degree of stenosis in the left ICA as being 60% to 70%. Both vertebral arteries were patent, with adequate flow direction in the V2 segment. Four-vessel cerebral angiography (FVA), performed to evaluate contralateral stenosis, confirmed the right CCA and ICA occlusion and showed flow in a small portion of right carotid bifurcation coming from the foramen rotundum artery. Flow in right ECA came from an anastomosis between the right vertebral and right occipital artery. The right cerebral hemisphere was nourished through the left anterior communicating artery and left ICA. On the left side, a 50% circumferential stenosis of carotidal bifurcation was identified (Figs. 2 and 3). Study of vertebral arteries showed normal findings. Four months later, DUS revealed right CCA and ICA filled with echogenic content without a detectable Doppler signal. In the right 
CASE 2
A female in her late 50s, with a past history of arterial hypertension and diabetes mellitus, was admitted to the neurology department because of a four-day right brachiofacial paresis and a global aphasia. Brain CT revealed an ischemic infarction in the territory of the left middle cerebral artery. DUS showed left CCA filled with homogeneous echogenic content without color filling or Doppler signal. The ipsilateral ICA was patent but with inverted flow to the bulb and ECA. The left ophthalmic artery had low-amplitude spectral flow with adequate direction (Fig. 5 ). The right CCA, ICA, and ECA were normal. Both vertebral arteries were patent, with adequate flow direction in the V2 segment. Angiography confirmed a left CCA occlusion 1.5 cm above the ostium. Left vertebral artery injection supplied ICA and ECA through the posterior communicating artery, filling retrogradely the ICA to the bifurcation of the CCA (Figs. 6, 7) . The left cerebral hemisphere was nour- 
Discussion
Occlusion of the CCA can occur as a result of an atherosclerotic process at the origin of the vessel with antegrade thrombosis to the bulb or as a result of retrograde thrombosis secondary to carotid bifurcation occlusion. 2, 4, 5 The second mechanism has been reported as the most frequent, 4 but in our patients, it was not possible to establish the exact etiology of CCA occlusion. A major cause is atherosclerosis. 1, 3, 5 Other causes include arteritis, fibromuscular dysplasia, thrombocytosis, dissection of the CCA or aortic arch, aortic arch aneurysm, iatrogenic occlusion, mediastinal tumors, cardiac embolism, irradiation, trauma, and idiopathic occlusion. 1, 3, 5 Occasionally, ICA patency A B may be preserved by retrograde flow through collateral circulation from the ECA to ICA. 2 Rarely, and as previously reported by Prêtre et al, 2 blood may flow retrogradely in the ICA, coming from cerebral circulation, into the ECA. This was the case of patient 2, and this phenomenon has been compared to the subclavian steal syndrome. 2 DUS has been reported as the most valuable tool in the delineation of CCA occlusion, 2, [9] [10] [11] and in the cases reported here, DUS effectively diagnosed the CCA occlusion and demonstrated the patency or occlusion of ICA as well as its flow direction. On the other hand, FVA has been considered by some authors to be insensitive to demonstrate distal vessels 2,3,5 and to identify patent ICA (26%-50% sensitivity) and patent ECA (26%-59% sensitivity) above occluded CCA. 1, [3] [4] [5] Contrary to this idea, angiography was able to determine ICA and ECA patency above occluded CCA in our patients. In case 1, DUS did not reveal flow in the ECA, but angiography detected flow in the ECA coming from an anastomosis between the right vertebral artery and right ECA. Contrary to literature data, angiography was more sensitive than DUS in detecting ECA patency either because the velocities were very low or the flow in ECA may have permeated in between. In fact, the follow-up DUS detected flow of a very small volume and in a retrograde direction.
In case 2, both DUS and angiography diagnosed ICA reverted flow, nourishing ECA.
Contrary to angiography, DUS allows the evaluation of lumen content echogenecity, enabling the determination of the occlusion's relative age. Both CCA occlusions were subacute according to the presence of echogenic content. DUS is a noninvasive method, is easy to perform at bedside and in unstable patients, uses nonionizing radiation, and does not use intra-arterial contrast media. It is quite easy to perform, when done by an expert operator, without any risk to the patient and is less expensive than angiography. Nevertheless, as it depends on the operator's expertise, comparison of findings becomes difficult.
In the presence of CCA occlusion, it is most important to know the multiple collateral flow patterns of the main intra-extra and extra-extra cranial anastomosis to be able to fully understand the DUS. 12 Figures 3 and 7 represent the schematics of the anastomosis documented in angiography and explain the direction of flow detected on DUS on ICA and ECA for cases 1 and 2.
One of the limitations of DUS is its inability to detect low velocities-namely, differentiating preocclusive from occlusive stenosis. 13 Therefore, it is still common to perform diagnostic techniques such as angio-CT, angio-MRI, or classical angiography, which remains the gold standard. 13 Criteria for the quantification of stenosis grade have been constantly updated, and if the last version 13 had been used, the ICA stenosis of case 1 would have been quantified at approximately 50%, similar to angiographic findings.
In both cases, DUS was a sensitive diagnostic tool to detect CCA occlusion and to define ICA patency and direction of flow. Additional study by angiography allowed the detection of CCA, ICA, ECA, and intracranial vascular status. Our reported cases and data from literature suggest that DUS and angiography may have complementary roles in the diagnosis of CCA occlusion and definition of vascular mapping. DUS should probably be the first imaging approach when CCA occlusion is suspected, considering its accuracy in the study of extracranial vascular permeability.
